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(57) ABSTRACT 

A progressive brake lining wear and temperature sensor 
having a plurality of parallel arranged spaced apart resistors 
in connection with a sensing circuit. Each resistor is 
mounted onto a PC board which in turn is encapsulated 
within a single molding. A thermistor is also mounted onto 
the PC board within the molding to sense lining temperature. 
The thermistor is connected to a ground lead. The ground 
lead, resistance lead and thermistor lead emerge from the 
encapsulated sensor for connection to the sensing circuit. 
The sensor is disposed within the brake lining and is 
connected to the brake shoe by a securement clip. As the 
brake lining progressively wears, the resistors are progres- 
sively worn away thus changing the overall resistance of the 
sensor. The change in resistance indicates state of wear. 
Preferably, three resistors are employed to indicate four 
degrees of brake lining wear. 

11 Claims, 4 Drawing Sheets 
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PROGRESSIVE BRAKE LINING WEAR FIG. 2 is a sectional perspective view taken along line 

SENSOR 2 — 2 of FIG. 1. 

BACKGROUND OF THE INVENTION FIG. 3 is a perspective view of a drum brake assembly 

1 Field of the Invention incorporating the brake sensor of the present invention. 

The present invention is directed to a brake lining wear 5 FIC J; * is a perspective -exposed view of the brake sensor 

sensor and is more particularly directed to a modular pro- according to an alternate embodiment of the present mven- 

gressive brake lining wear and temperature sensor. tl0n - 

2. Summary of the Prior Art FIG. 5 is a perspective view of the brake sensor of FIG. 

Various brake lining wear detection systems are known in 1Q 3 encapsulated in a thermoset. 

the art. In addition, temperature measurement systems are FIG. 6 is a perspective view of the brake sensor of FIG. 

known. However, few brake lining monitoring systems 5 without the production tab. 

combine both wear detection and temperature sensing. One p IG 7 ^ a perspective view of the brake sensor according 

such temperature and wear detection technique monitors the to the preferred embodiment of the present invention, 

resistance of a temperature sensitive resistor yielding a - Tr , 0 . • * * ™^ 

, , - , * *u *• . c *u 15 FIG. 8 is a perspective view of the sensor of FIG. 7 

signal which represents the operating temperature of the it , , . \ . . 

brake lining so that extreme temperature conditions can be ft a assembly. 

detected and corrective action taken. Once the electrical FIG - 9 151 a perspective view of an alternate preferred 

conductive loop is worn away, an open circuit is detected embodiment of the present invention. 

which signals the need for lining replacement. FIG. 10 is an isolated view of the PC board embedded in 

One method to detect brake lining employs an embedded 20 me sensor of FIG. 9. 

conductive wire loop within the brake lining. When the loop DESCRIPTION OF THE PREFERRED 

is broken and furthermore, when electrical contact is made EMBODIMENT 

between the wire loop and a brake drum surface, lining wear ™~ - , . A , , • « . < 

. • j . » j * fi_ L , J4 *. FIG. 1 depicts a modular encapsulated brake wear sensor 

out is detected. Another brake wear and temperature mea- - K . •* 1 ■ rui^- JLi 

. ..^ flL f . 9 c 1. The modular unit 1 is preferably disposed between 

surement system utilizes a plurality of thermo-responsive ZJ ,. , 4 . CJ i_ 1 v • n L • 

. t , r , , . . i_ t adjacent portions of a dmm brake lining 11 as shown in FIG. 

elements disposed within the brake lining where each ele- - . ,. r , , , ,, -1 • , - t , 

, * . j , . -r . 1 3 as indicated by arrow 3. FIG. 2 is a sectional view taken 

ment is selectively monitored to determine it abnormal , v - J 1 a 1 v* c ■ * * -r o 

. J , . ,, . iL along lines 2 — 2 of FIG. 1. A plurality of resistors 6, 7, 8 are 

temperatures have been encountered and/or whether the 0 . . „ . , ** ,/ c , ' ' A1 

, 1 . ■ ■ . t , a a .I , r arranged in parallel and connected to a pair of leads 4a. 4b 

brake lining has worn to such an extent that one or more 01 • r *i_ -1 ™. j 1 ■% • c j 

tl _ „ , 4 t i_ t_ 1 in emerging from the sensor 1. The modular sensor 1 is formed 

the thermally responsive elements have been broken. JU c °. . 4 _ , 4l _ . 4 ✓ - o j 1 j 

. , , .... or molded thermoset 5 and the resistors 6, 7, if and leads 4a, 

A more traditional brake temperature indication means 4b are em5edded therein ^ me 5rake lini u wears> each 

comprises a mermocouple disposed within the brake lining { 6 ? ga with a correS p 0 nding resistor 6, 

connected to a display means to indicate operating tempera- ? g js wom ^ mf , electrical ^^0,! with me ^ 

ture of the brake lining A similar technique uses a combi- fcads ^ ^ broken Cons6quentlV) the OV6raU resistance of 

nation temperature and wear sensor disposed in a brake me sensor j ch g ^ ch m resistance ^ detected b 

cylinder where the sensor has a slider mechanism that is a dlcuit (n0 , shown) , 0 detcnnin6 ^ indicate 

pressedonmefaceofabrakecylindertomdicatebrakewear m state of wear Qne of orfin ^ m , hf . ^ fa 

and also includes a temperature sensing device thereby c bk of programming a circuit t0 detect thc 

mdicatog the wear of the brake lmmg and overheatmg of the ch in resistance „ t ht b the t invention and 

brake fluid through a pair of lead out wires. elaboration of me xnsin& circui , ^ not warranted . 

It is an object of the present invention to provide a dual when the brak< _ ^ u ^ neWj Qr bcfore ^ fi[st fe 

temperature and progressive break wear sensor in a single 6 ^ ^ worn> ^ resistance ^ indicat6 minimaJ or no 

compact erodable element. wear ^ the first loop 6(J is wom> ^ resistance ^ 

SUMMARY OF THE INVENTION 45 increase significantly indicating slight wear. As the second 
The present invention is directed to a modular progressive 1 00 P 7 ° 15 worn and * e ^ cond resistor 1 .jf Connected 
brake lining wear and temperature sensor. The sensor has a &om the sensing circuit, the resistance will again signifi- 
plurality of parallel-arranged spaced apart resistors in con- ca " 1 ? m , creas 0 e .indicating moderate wear. Lastly as the third 
necuon with a sensing circuit. Each resistor mounted onto a and last loo P 8 18 worn and ^ thlrd resistor 8 removed from 
PC board which is encapsulated within a single molding. A 50 the sensing circuit, the resistance increases exponentially 
thermistor is also mounted on the PC board within the f^catrng an open circuit and severe wear at which time the 
molding to sense temperature. The thermistor is connected brake lmm 8 n should be ^placed. However, the arrange- 
to a grounded lead as are each of the spaced apart resistors. m f nt mav also b ? wnployed to detect three levels of wear, 
The ground lead, a resistance lead and a thermistor lead where l ^ hs J- resistor 8 f not ^ orn a " d when isolated bv the 
emerge from the encapsulated sensor for connection to a 55 wear of the first two resistors 6, 7 mdicates severe wear and 
sensing circuit. The sensor is disposed within the brake Ume to re P lace tbe brake Unln g 

lining. As the brake lining progressively wears, the resistors ^ present invention is preferably employed in a drum 
are progressively worn away thus changing the overall brake assembly 10 as shown in FIG. 3. However, the 
resistance of the sensor. The change in resistance indicates modular sensor 1 may also be employed in other brake 
state of wear. Preferably three resistors are employed to 60 assemblies. Referring now to FIG. 3, a brake drum 13 has an 
indicate four degrees of brake lining wear. The thermistor internal brake surface 13a for frictionally engaging the brake 
indicates brake lining temperature and may be used to Hmng 11. An actuator such as an S-cam arrangement dis- 
balance vehicle brakes. places the brake shoes 15 towards the brake surface 13a. 

Brake linings 11 are mounted to the brake shoe 15 to 

BRIEF DESCRIPTION OF THE DRAWINGS 6S frictiona]ly eQgage brake drum 13 and thus provide a 

FIG. 1 is a perspective view of a brake lining sensor braking force. The generic brake drum arrangement 10 and 

according to the present invention. actuation is well known in the art. 
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The modular sensor 1 is preferably mounted between a 
pair of brake lining surfaces 11 (as generally shown by arrow 
3) with a terminal end adjacent or substantially flush with the 
outer surface of the brake lining 11. The specific connection 
to the brake shoe 15 is not shown. However the specific 5 
connection is not critical to the present invention. Any 
suitable connection that maintains radial alignment of the 
sensor 1 during braking may be employed. In the first 
embodiment, the sensor 1 has barbs 2 to engage a bore in the 
brake shoe or a clip separately secured to the brake shoe 15. 1Q 
Other types of connections of are contemplated by the 
present invention. 

The resistors 6, 7, 8, are strategically spaced apart to 
coincide with different levels of the brake lining 11. 
Therefore, as the loops 6a, la, 8a are worn away, the 15 
resistance change will indicate predetermined levels or wear. 

FIGS. 4-6 represents an alternate embodiment of the 
present invention. Referring to FIG. 4, a pair of parallel rails 
109a, 109ft are connected by a production tab 120 at one end 
and are connected to sensing circuits leads 104a, 104ft, 104c 2 n 
at the opposite end. The rails are crimped to the sensing 
leads 104a, 104c. A first rail 109a is connected to a ground 
lead 104a of the sensing circuit while the other rail 109ft is 
connected to a resistance lead 104c. A plurality of resistors 
106, 107, 108 are connected across the rails 109a, 109ft to 25 
establish an electrical connection there between. These 
resistors 106, 107, 108 are preferably crimped to the rails 
109a, 109ft rather than being soldered to maintain a secure 
connection when exposed to high temperatures. A thermistor 
123 is also connected to the grounded rail 109a and has a 30 
separate lead 104ft for connection to the sensing circuit. The 
rails 109a, 109ft, resistors 106, 107, 108, thermistor 123 and 
lead connections 104a, 104ft, 104c are all encapsulated in a 
thermoset molding 105 to define a modular sensor unit 101. 
The production tab 120 facilitates positioning of the assem- 35 
bly 101 during molding. However, the tab 120 is broken off 
prior to installation in the brake assembly 10. FIG. 6 depicts 
the molded modular unit 101 without the production tab 120. 

The modular unit 101 is disposed within the brake lining 
11 similar to the previous embodiment. Here again, the 40 
modular sensor 101 is preferably installed between portions 
of the brake lining 11 in a drum brake assembly 10 as shown 
in FIG. 3, but may also be disposed within a single brake 
lining portion. The modular sensor 101 is oriented so that the 
rails 109a, 109ft extend from the actuator toward the brake 45 
drum surface 13a with the leads 104a, 104ft, 104c emerging 
radially inward for connection to the sensing circuit (not 
shown). The modular sensor 101 may fit into a clip sepa- 
rately attached to the brake shoe 15 or may be otherwise 
secured thereto. As in the previous embodiment, the resistors 50 
106, 107, 108 are strategically spaced apart to coincide with 
different levels of the brake lining 11. As the brake lining 11 
wears, each of the resistors 106, 107 is worn away from the 
sensor and the overall resistance of the sensor 101 changes. 
The circuit simply senses this resistance change and deter- 55 
mines the state of wear dependent thereon. Preferably three 
resistors 106, 107, 108 are employed all arranged in parallel 
within the modular sensor unit 101. 

As previously mentioned, the sensing leads 104a, 105c 
are crimped to the rails and temperature lead 104ft crimped 60 
to the thermistor 123 in any suitable fashion. However, the 
rails 109a, 109ft are formed with slots to receive a wire 
portion of each of the resistors 106, 107, 108 and thermistor 
109 and the wires crimped thereto. Again, forming the 
connections by crimping maintains a superior connection 65 
during elevated temperatures over conventional solder con- 
nections. 
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The specific components of the preferred sensor will now 
be disclosed. A first outermost resistor 106 is a 1 KQ resistor. 
The second intermediate resistor 107, is 4.7 KQ and the 
inner most resistor 108 22 KQ. This arrangement yields a 
progressive overall sensor resistance of an initial resistance 
of 795 Q, intermediate resistance of 3.87 KQ and a final 
resistance of 22 KQ. As can be seen the overall resistance of 
the sensor 101 progressively increases as the resistors 106, 
107 are worn away. The three resistance levels indicate at 
least three levels of wear in accordance with the strategic 
locations of the resistors 106, 107. Before the first resistor 
106 is worn away, the low resistance indicates little or no 
wear. When the overall resistance first increases when the 
first resistor 106 is worn away, an intermediate wear level is 
sensed. Finally, when the second intermediate resistor 107 is 
worn away, the final resistance of 22 KQ indicates severe 
wear and time to replace the brake lining 11. Off course 
should the third resistor 108 wear away; the overall resis- 
tance will increase to indicate an open circuit. Therefore, the 
sensor 10 could be strategically placed to indicate four 
distinct wear levels. 

The resistors 106, 107, 108 employed may be leaded 
general purposes resistors provided by Speer Electronics. 
The thermistor 123 employed in the preferred embodiment 
may be a type DK negative temperature coefficient ther- 
mistor which can measure temperatures up to 698° F., 
provided by NTC Thermistors. However, the present inven- 
tion is not limited to the application of these specific 
resistors or thermistors. 

FIG. 7 is a perspective view of the preferred embodiment 
of the present invention. In this embodiment the sensor 201 
has a securement clip 270 partially embedded within the 
molding 205. The securement clip 270 preferably has a 
plurality of tabs 272 form of bent portions of the clip to 
provide a snug snap fit connection to the brake shoe. As in 
the previous embodiment a plurality of spaced apart resistors 
and a thermistor are embedded within the molding 205 and 
connected to leads 204a, 204ft, and 204c which are in turn 
connected to a sensing circuit. 

FIG. 8 is a perspective view of the brake sensor 201 of 
FIG. 7 connected to the brake assembly 10 of FIG. 3 in the 
vicinity of arrow 3. As can be seen in FIG. 8, the sensor 201 
is simply slip onto the brake shoe 15 between the brake 
lining portions 11. The securement clip 270 simply slides 
over the brake shoe 15 and the tabs 272 maintain a secure 
connection. The sensor molding 205 is substantially 
Y-shaped conforming to the profile of the brake lining. The 
Y-shape and securement clip 270 facilitate longitudinal 
assembly of the brake sensor 201 within the brake assembly. 
Such an arrangement is superior to the radial assembly of the 
prior art sensors thus enabling easy assembly both prior to 
and after the brake shoe 15 is installed within the brake drum 
13. In this preferred embodiment the resistors and thermistor 
are arranged on a PC board which in turn is molded in a 
temperature resistant thermoset similar to the following 
embodiment of FIGS. 9-10 which will later be explained. 

FIG. 9 is alternate preferred embodiment of the present 
invention. Sensor 301 is comprised of a molding 305 with a 
securement clip 370 partially embedded therein similar to 
the previous embodiment of FIGS. 7-8. As in the previous 
embodiment a plurality of tabs 372, 374 facilitate a snug 
snap fit connection to the brake shoe 15. Leads 304a, 304ft, 
and 304c emerge from the sensor for connection to a sensing 
circuit as in each of the previous embodiments. A PC board 
380 is embedded within the molding 305 to which are 
mounted the sensor components. 

FIG. 10 is an exposed view of the PC board 380 of FIG. 
9. A plurality of spaced apart parallel arranged resistors 306, 
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307 and 308 are each mounted to the PC board 380. A 
conductive trace connects each of the resistors 306, 307, 308 
and thermistor 323 to a common ground lead 304a. The 
opposite end of the thermistor 323 is separately connected to 
the lead 304b by a conductive trace. Lastly, the opposite s 
ends of each resistor 306, 307, 308 are connected to a 
resistor lead 304c for sensing the resistance across to ground 
of the sensor 301. Each of the resistors, thermistor, PC board 
and thermoset molding can survive high brake applications 

of 600° E io 

The operation of the present embodiment is identical to 
the previous embodiments. As the sensor 301 wears and the 
resistors worn from the circuits, the change in overall 
resistance progressively indicates the current state of wear. 
The thermistor 323 indicates the temperature of the brake 35 
lining. The specific connections of the leads 304a, 304fc, 
304c to the sensing circuit and the PC board are not shown 
in detail but are readily apparent to one of ordinary skill in 
the art. 

While the foregoing invention has been shown and 20 
described with reference to a preferred embodiment, it will 
be understood by those possessing skill in the art that various 
changes and modifications may be made without departing 
from the spirit and scope of the invention. For example, the 
present invention is not limited to the specific type of 25 
resistors disclosed. In the embodiment of FIGS. 7-10 a first 
outermost resistor 306 may be a 5 KQ resistor. The second 
intermediate resistor 307, 15 KQ and the inner most resistor 

308 30 KQ. The thermistor 323 may have a resistance value 

of 100 KQ at 72° F. Other values may also be employed so 50 
long as the change in overall resistance is easily detected as 
each resistor is worn. Furthermore, while a thermoset has 
been disclosed as the molding, a thermoplastic may also be 
employed. 

What is claimed is: 35 

1. A brake lining wear sensor for indicating progressive 
brake wear in a brake lining disposed between a brake 
surface and a brake actuator, said sensor comprising: 

an encapsulated erodable element substantially disposed 4Q 
within said brake lining, said erodable element includ- 
ing; 

two substantially straight parallel rails extending in a 
first direction extending from said brake actuator to 
said brake surface; 45 
a plurality of resistors arranged in parallel and spaced 
apart in a direction between said brake actuator and 
said brake surface, said plurality of resistors being 
disposed between and connected to said parallel rails 
and spaced apart in said first direction; 5Q 
said two substantially straight parallel rails being con- 
nected to a sensing circuit for detecting progressive 
wear of said brake lining, wherein as said brake lining 
progressively wears said plurality of resistors progres- 
sively erode and progressively disconnect continuity of 55 
said plurality of resistors between said parallel rails 
thereby progressively changing an overall resistance 
between said parallel rails to thereby indicate progres- 
sive brake lining wear in said sensing circuit. 

2. The brake lining wear sensor according to claim 1, fi0 
wherein said plurality of resistors comprises at least three 
resistors to facilitate sensing of at least three levels of wear 

of said brake lining. 
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3. The brake lining wear sensor according to claim 1, 
wherein said plurality of resistors are encapsulated in a 
thermoset molding to form a modular unit. 

4. The brake lining wear sensor according to claim 3, 
further comprising: 

a thermistor embedded in said thermoset molding to sense 
a temperature of said brake lining. 

5. A brake lining wear sensor for indicating wear in a 
brake lining disposed between a brake surface and a brake 
actuator, said modular sensor comprising: 

an encapsulated erodable element substantially disposed 
within said brake lining, said erodable element includ- 
ing; 

a plurality of arranged resistors embedded within said 
erodable element and spaced apart a first direction 
extending from said brake actuator to said brake 
surface; 

wherein said resistors are connected in parallel and 
together are connected to a sensing circuit so that as 
said brake lining wears said erodable element pro- 
gressively erodes to progressively disconnect conti- 
nuity of said plurality of resistors and thereby pro- 
gressively change an overall resistance of said sensor 
and thereby indicate progressive brake lining wear in 
said sensing circuit; 
wherein said encapsulated erodable element further 

includes; 

two substantially parallel rails embedded therein and 
extending in said first direction, said resistors being 
disposed between and connected to said parallel rails; 

wherein said two substantially parallel rails are connected 
to said sensing circuit so that as said brake lining wears 
said erodable element progressively erodes to progres- 
sively disconnect continuity of said plurality of resis- 
tors between said parallel rails thereby progressively 
changing an overall resistance between said parallel 
rails to thereby indicate progressive brake lining wear 
in said sensing circuit. 

6. The modular brake lining wear sensor according to 
claim 5, further comprising: 

a thermistor embedded in said encapsulated erodable 
element provided to sense a temperature of said brake 
lining. 

7. The modular brake lining wear sensor according to 
claim 5, wherein said encapsulated erodable element is 
formed of a thermoset molding. 

8. The modular brake lining wear sensor according to 
claim 5, wherein said plurality of resistors comprises at least 
three resistors to facilitate sensing of at least three levels of 
wear of said lining. 

9. The modular brake wear sensor according to claim 5, 
wherein said resistors are crimped to said rails to form an 
electrical connection there between. 

10. The modular brake wear sensor according to claim 5, 
said plurality of resistors comprises at least three resistors to 
facilitate sensing of at least four levels of wear of said lining. 

11. The brake lining wear sensor according to claim 5, 
wherein said encapsulated erodable element is substantially 
Y-shaped when view in cross section. 
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